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ABSTRACT f(T)=B-T" (4)

where for 30,000 K < T <12 10K the #~ 19401 and

The ratio of the emission hne fluxes for the CII and
I3 1< @ constant

CIN hines i the lower transition regrons (3 x 10V < T <
10°K) between stellar chromospheres and transition layers
depends mainly on the temperature gradient in the hne

The energy equilibrium then requires

entting rvg_mn:‘}v]lich can therefore he (]1’1(']'11[111!‘(1‘ from g (T)y=p: B TY ¢= P T ® or (5)
this lue ratio The temperature gradient 1= determined Ao

by the equuhbrinm between energy input and energy Joss.,

From the obeerved temperature gradient we can therefore TR A S

deterimne the temperature dependence of the energy - T = A B P2 (6)
put.which s expected 1o be difierent for different energy ! ¢

mput mechansnis We study the flux ratios of the C11 1o The electron pressure Pyoas deterinmed by the hydro-
C IV emission lhine fluxes in order to obtain mmformation static equihbrium equation which for fully 1onized gas

about the energy input mechanism rieans
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where Ry, = gas constant. g = mean atomie weight. gog =
Key Worde  Transition layer. heating. Ennssion lines. T effective gravitational acceleration.

Tauri stars. With

- 1
din F,, = —/\dh (8)

! THEORETICAL BACKGROUND o
we find for the temperature gradient

We follow the derivations by Bohi-Vitense (Ref 1)
We assuie that the energy input E;, per an’ and sec s
due to the damping of some mechanical energy flux Fyy,
This means

. 2
(3-=2+0) dnT=dInF, -dlnP{ = (—i + ;’)\ﬂl (9)
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where A 1s the damping length Using T as the indepen- dinT H(T) MT

dent variable such that the gas pressure Py = Py (T) we
can express a possible dependence of the (famping length
on Py and T #s « dependence on T only  We write

If for a given temperature we can determine dtljy"'l’l" we
can determine a. winch deseribes the temperature ('lopon-
dence of the damping length,

A=A, T (2) For different heating mechanmsiis we expect different

values of o (Ref 2). The determmation of o for different
stars therefore tells us whether different heating mecha-
nisms work for different stars Finding the same o for all
stars means that the same heating mechamsin is working
for all stars

a 15 a paramneier which can be determined from the emis-
sion hine fluxes
The energy input is balanced by radiative energy
Josses Ep g per em?® sec™! which can be described by
) 2 METHOD OF ANALYSIS
Emd = Elo:~ = D¢ - Y(T) (3)
In the tollowing we are considering only layers with

I e e o Vs 30000 K < T < 12 10°K. v.e . layers for which equation
2 en ) . ot o {3) holds with 4~ 194 0.1.

1978. (Ref. 2)). It can be approximated by
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The surface flux F|, of optically thin emission lines 1s
given by

b
Fi, = C(L,T)A(el) fn.%dh

hy
(10)
-
= C(L.T)A(el)- [nL iTn lenT = C(L.T)-A(el) - E(T).
T,

where the mntegral has to be extended over the line emit-
ting region. which corresponds to a height.difference over
which the temperature changes by approximately a factor
of 2or AInT =~ 07 The integral 1s called the emission
measure E,,(T) and depends on the temperature T(h).
The C(L. T) are determined by the collisional excita-
tion rates for each hne. A{el) is the abundance of the hne
emitting clement. Using average values for the mtegrand
and using cquation {9a) we find

P (B4+a-2) 07 Ry Tyt !
sy T U922 41 B (T f
(11)
where
h
~ [ 1dn
[
o~ T . (12)
“) = 5l

depends on the ratio of '/\{ but varyies only slowly with T.

For the CII (1335 A) lines originating at Ty ~ 35,000
K and the CIV (1550 A) hnes originating at T, ~ 107 K
the ratio of the emission measures becomes

(T (T )
En(T2)  \Th (T2)
The ratios of the observed emission line fluxes fj, equal

the ratios of the surface fluxes F, and are for the CII and
CIV Lnes

re = fu(CIn C(13354.T,) E,(CI) »(Ty)
’ _A((i:i\ij (IDOOX Tz) I:m C I\) Q(TZ)
or
fem _ En(Ty) . #(Ty)
]IIQTL_(—C i)~ const + InEm(Tz) +In ?(Tz)

where the second termn on the right hand «ide 15 given by
equation (13) and depends on a

The value of a can then be deternuned from the ratio
of the observed line fluxes

3. RESULTS

In figures 1-3 we show the observed flux ratios RC for
different groups of stars The observational error for the
flux ratio is expected to be at least 50% (25% for each
line). or Alog RC &~ £0.2 and more for weak hnes.
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Figure 1 The line Hux ratio of the carbon lines 1s shown
as a function of the V-R colors for the stars studied
by Ayres et al. The different symbols indicate differ-
ent types of stars as explained 1n the figure. The RS
CVn stars and the normal stars occur in the same re-
gion of the diagram For 56 Peg at the UV emmssion
lines originate mamnly 1 a hot disk

In figure | we have plotted the observed flux ratios as
a function of the V-R colors for «tars observed by Ayres
et al 1982 (Ref. 3). We see that there 15 no dependence
of this flux ratio on Teq nor on Juminosity class nor on
activaty level The RS CVun stars fall into the same gen-
eral region as the other stars, o therefore ~eems to be in-
dependent of all these parameters There may be a hint
that some supergiants and some luminosity class IV stars
may have excess CIV emssion 56 Peg clearly shows a
lower RC For this star we know that the emission comes
from a disk around a white dwarf companion (Donuny
and Lambert 1983, Ref 4) and not fromn the chromo-
~phere of the red supergrant
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Figure 2 For the stars studied by Simon ¢f al the hne
flux ratio of the carbon lines 15 shown as & function of
age of the stars The age of the Hyades stars 1< prob-
ably smaller than used here. as indicated by the ar-
rows The different symbols refer to different types of
stars as explamed m the figure. Pecuhar <tar~ with
abnormally low or lngh flux ratios are given by name.
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In figure 2 we show the results for mam sequence G
stars with different ages <tudied by Simon. Herbig and
Boesgard (1985, Ref 3) There is no obvious dependence
of RC on age either, except for the somewhat smaller RC
for a group of stars with ages around 10? years which
agaim seem to show excess CIV emission We suspect
that circumstellar emission enhances the CIV line flus,
though for these stars we cannot exclude that a differ-
ent heating mechanism may contribute to the heating of
the lower transition region  For all the other stars with
logRC = -0.1£02avalueof 34+ a—-1=13+031
found. which means a = 04+03if 3 =19
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Tigure 3 The carbon line flux ratios are shown as a func-
tion of age for the T Tauri stars studied by Simon
et al The hine flux ratio s generally lower for the T
Taury stars than for the normal giants and mamn se-
quence stars They show a large scatter

In figure 3 we show the RC values for T Tauri stars
according to Sinon. Herbig and Boesgard (Ref 3) The
points scatter all over the diagram The CH and CIV
emission hnes are not due mamly 1o a transition region
formed by the same heating mechanism as for nearly all
other stars  This conclusion i~ 1 agreement with the one
found by Simon. Herbig and Boesgard but derived from
very different arguments  We suspect that circunistellar
emission possibly due to shocks, gives a major contribu-
tion to the emission hne Huxes for the T Tauri stars

4 SUMMARY

From the observed constant (withm the limits of ob-
servational error) ratio of the ennssion hne fluxes of the
CI1 (1335 A) and CIV (15350 A) Iimes we conclude that
the temperature gradients m the lower transition lay ers
are <nnlar for the large majority of star< independently of
Tei L and degree of activity This means that the tem-
perature dependence of the damping length for the me-
chamical flux must be the same for all these stars Since
for different. kinds of mechanical fluxes the dependence of
the damping length on gas pressure and temperature s
quite different (Ret 2) we conclude that the same heating
mechamsm must be responsible for the heating of all the
lower transition layvers of these stars. regardless of their
chromospheric activity  Only the amount of mechanical
flux changes

The T Tauri stars are exceptions  For these stars the
eunssiton lines are probably mamly due to arcumstellar
material
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